ABSTRACT
INTRODUCTION
Nowadays, the application of polymeric coatings not only gives better processability but also provides a good protection due to their barrier properties [1] . Nevertheless, these materials are easily damaged when continuously exposed to the external environment, such as mechanical attack, chemical abrasion, UV radiation, or a combination of these factors.
Small defects are easily created in the coatings, but difficult or impossible to be detected and repaired. The presence of microcracks can adversly change the coating final properties, and can even develop further into damage which considerably shortens material lifetime.
In recent decades, various self-mending approaches have been developed rapidly, including microencapsulation, microvascular networks, supramolecular self-assembly and reversible chemistry [2] . Among these approaches, intrinsic remendable polymeric systems, which contain reversible covalent bonds, is a particularly attractive one. These polymer networks have repeatedly mending ability to repair the damage at the same position. The most prominent pathway is based on the
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Diels−Alder (DA) reaction [3, 4] . DA reactions occur between a diene and a dienophile at a temperature range from room temperature to 80 o C and can be reversed, via the retro-Diels-Alder (rDA) reaction at temperatures above 100 o C, yielding the original diene and the dienophile. This provides sufficient mobility to the network so as to flow locally and to repair surface microscratches. Thus, DA moieties allow the implementation of mending capabilities to polymeric networks without significantly compromising the original material properties [5] .
On the other hand, polycaprolactone polyester (PCL) is a very attractive polymer due to its sustained biodegradability, low cost, and availability. The cross-linking of homo-and copolymers of PCL often leads to superior mechanical properties of these materials, such as high modulus and dimensional stability [6] .
Therefore, in this paper, a polymer network was synthesized by the DA reaction between the maleimide moieties of a bismaleimidic polycaprolactone polyester and the furan groups of a tris-furan compound, and its scratch mendability was evaluated.
EXPERIMENTAL
Materials
Hexamethylene diisocyanate (HDI) (99%), 2-furfurylthiol (97%), triethylamine (99%) and zirconium(IV) acetylacetonatewere purchased from Sigma-Aldrich. n-Heptane (99+%), chloroform (99+%), tetrahydrofuran (THF, 99.5+%) and toluene (99+%) were purchased from Fisher Chemicals. Hexamethylene diisocyanate isocyanurate trimer (Desmodur® N 3390 BA) was received from Bayer. 3-Maleimido-1-propanol was prepared according the previously reported procedure [7] .
Poly(caprolactone) diol (PCL, Mn = 2100 g/mol)
was purchased from Acros).
Synthesis of bismaleimidic polycaprolactone
HDI (2.0 mL, 12.4 mmol), freshly azeotropically dried PCL diol (13.15 g, 6.2 mmol) and zirconium(IV) acetylacetonate (121 mg, 1 mol% per OH group) were dissolved in 160 mL of dry chloroform under nitrogen atmosphere. The reaction was refluxed for 6 h. After the mixture was cooled down, 3-maleimido-1-propanol (1.93 g, 12.4 mmol) was added and the mixture was again refluxed. After 2 h, the reaction was kept at room temperature overnight under nitrogen atmosphere to assure that all -NCO groups were consumed. After the reaction, chloroform was removed. The product was re-dissolved in THF and precipitated into distilled water. The precipitate was washed with diethyl ether and dried under vacuum. Yield: 80%.
Synthesis of tris-furan
42.513 g (155.6 mmol of NCO groups) of Desmodur N3390 BA was mixed with 20 mL (198.3 mmol) of 2-furfurylthiol in 110 mL of THF. Triethylamine (277 µL) was then added and the reaction was stirred at room temperature overnight. The product was precipitated into nheptane, filtered and dried under vacuum to give a brown solid. Yield: 92%.
Synthesis of the network from the bismaleimidic polycaprolactone and trisfuran
A mixture of bismaleimidic polycaprolactone and tris-furanin a 1:1 furan to maleimide equivalent ratio in tetrahydrofuran was cast in a glass petri disk at 40 o C for 48 h, 
Synthesis of tris-furan
Tris-furan was synthesized by the thiolisocyanate reaction of 2-furfurylthiol and the hexamethylene diisocyanate isocyanurate trimer compound bearing three isocyanate functionalities. As a result, the product containing three furan moieties was obtained. As shown in the 
Assessment of the scratch mendability
To assess the scratch mendability of the obtained network, a scratch was made in the coating using a razor blade. Afterward, the scratch was repaired by heating the scratched coating sample at 60 o C. At this temperature, the polycaprolactone segments melt, leading to an activation of the chain entropy. Thus, the material gain sufficient local mobility, so that the reversible reaction between the furan and maleimide moieties at the scratch interface could occur. On the other hand, the reformation of the broken DA bonds is favored at 60 o C [10] . As seen in the optical microscopic images in Figure   7 , the scratch was considerably reduced by heating the sample at 60 o C for 5 min. After 21 h at 60 o C, the scratch almost healed, with only a scar due to interface mismatch.
CONCLUSIONS
A polymer network with scratch mendability at mild temperature conditions was successfully prepared via the Diels-Alder reaction between a bismaleimidic polycaprolactone and a tris-furan 
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